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FCREWORD

This report summarizes experimental work on =zudltory mesking
end fatigue and the 1::1;9111?1’013.1'@ of spoech. The work was 1ini-
tiated under Zontract AF 18{(600)-131 between the Aero Medical Lab-
oratory, Wright Air Development Center and the Gentral Institute
for the Deaf. Msjor Horace 0. Perrack waes the Projoci Englneer
for the Aero Medical Leboratory under the asuthority of RDO R-695-63,
"VYibration, Sonic and Mechanical, Action on AF Perzonnel."

All of the experimental work has beern carrled cut either by
or under the direct supervision ol the Principal Investigator.
Others who perticipated directly in the sxperiments wers Graduate
Research Assistants: Elizabeth G. Reynolds, Wallace D. Bowman, and
¥aurics Joseph. The construction, malintoenanece and palibretion of
apparatus was carrlsd out by Dr. Robert W. Benszon (Research Assc-
ciate) and ¥r. Jules Detchemendy {Tsainician). Dr. Benscon also
suparvised the arelysias and measurement of acoustic stimull.

In addition to the psrsorns direcily assoclatod with thia
contract, others have contributed to the planning and execution
of the experiments. We were particulerly fortunate in having
avallabls thes good sounsel of Dr. 8. Richard Silverman and Dr.
Hellowall Davia of Central Institube. -
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ABSTRACT

This report summarlzee research cn auditory masking and
Tatigue initlated undsr Contract No. AP 18(600)-131. The main
results concern the threshold of intelligibility for spondaic
words as a function of the lsvsl of varlious bands of nolse ana
the intelliglblliity of several types of spsech mabterial as a
function of either ths level of whits noise or the amount of fre-
quency restriction in 2 noiseless system. The bibllography in-
cludes two publiahed articles (1, 2 resulting from this work
in which ©tho de%tsiisé procedures and resulis may be found. A
finel section describes further worik on masking and fatigus that
was Initiated under this contract but was incompiete on ithe ter-

mination date.

PUBLICATION REVIEW

JAGK BOLLERUD .

Colonel, USAF (MG)

Chief, Aero Medical Laboratory
Directcrate of Research :
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SECTION I
INTRODUCTION

Host of the experimsntal work to be reported stemmsd from e
desire to specify niore precissiy the kind of impalvment auffered
durling szposure to loud ncise, Thsss problems fall naturslly inte
two categories. The first has to de with the effect of necise on
the audibility and intelliglbility of other sounds co-existing
with the nolse, These problems center arcound the phenomsnon of
audltory masking;, and we hav- been concerned primerlly with the
masking of spvech. The sacond set of problems has to do with ©ths
offects of high-intensity nocise on the auditory ayatem - - elther
temporary or permanent effects - - after the nolse has ceased;
here¢ euditory ratigue is involved.

The more successful sxperimental work has been chiefly in the
area of masking and other matters related to the intelligibility
of speech. In these expearimsnts an attempt was made to fill in
the gaps among results reported by previous iavestigators with
the long=term view of maldng the intelligibllity of different
kinds of speech predictabls from knowledge of the type of trans-
mission syatem to be used and the acoustic enviromment in which
it 15 used. The resuiits hLave bsesn publishad in papers by Hirsh

and Bowmen (1) and by Hirsh; Rsynolas and Jjoseph {2).

SECTION 1I
COMPLETED RESEARCH

Masking of Speech by Bands of Noise:

When a sound is made lsss audible by a sscond sound or nolse,
maski haa occurred. In the case of speech, masking can be meas-
wed in at lsast two different ways. Pirst, we can measure ths in-
crease in the intensity of ths speech necessitated by the noise or
mesking sound so that the speech will be just as 1ntelligible as in
the guiset. The simplest method for such a measurement involves tie
shift in the threshold of intelligibility brought about by the noise
or masking sound. In the second procedure, the speech is held at
a given level while the deocreaze in inteiliglibility or artioculation
score brought about by the nolse 1is measured.

1. Background

The first procedure was uesed in & study by Hawkins and Stevens
(3) to measure iths thrssheld of inteillieibllity for continaous dis-
course as a function of the Intenaity of & white noise (constant
energy per cycle up to 7000 cps). In general, their resuits show
that when the speech level (peaks) is =s little as 8 db below the

WADC TR 54-203 1



overall level of ths white nolss, the glst of continucus dizeourse
is s8%11l undsrstocd by listeners.

On. the basis of such infoimation alone, ws cannot predict the
masking that would be sffected by the warlety ol different noises
found in the vieinlty of miiitary aircraft. It was dsclded, there-
fore, to use bands of nciass as masAéug sounds in order to measure
the differsnt masking effects associated with various frequency
roglons and to aid in predicting the amcunt and kind of masking
that would be brought sbout by different noises of known but com-
plex spectra.

Other investigators had emplcyed bands of nolss as masking
stimull but none in connecti«n with the thresholid of intelligibili-
ty (5C%Z responss). For example, Miller (li) held ths presentation
of 1lists of monosyllabic words (PB-lists) at a fixed level and then
measured the articulation score as a function of the intsusity of
the nolse for each of saveral bends of necise. Many of his bands
wera so lneffective as maskers that the artioulation score naver
dropped beiow 50% and therefore one could not show how tvhe Phrssh-
old signal-to-noise ratioc varied as a function of fre?ponoy band
for monosyllabic words. For white noise {20-44000 cps), however,
Miller's data show that the threshoid cf intelligibility occurs
when the speach level is about 2 db higher than the noise levsl.
The difference betwessn the -3 db signal-to-noise ratio of Hawkins
and Stevens {3) and the +2 db of Miller (L) may reflect the dif-
ference betwsen contimuous discourse and monosyliabic words.

In this first study, i1t was plammed to measure the threshold
of 1nte11151b111ty for relatively easy materiali as a function of
the level oif Lands of noise. The basic measurement was similar
tc that of Hawkins and Stevens (3) while the band limits of the
noise were almost the same as those of Miller (l}.

2. Experimental Procedure

Spondaic words on pkonograpn records wers emnloye& a8 spesch
materiai (CID Auditory Test W-2, see Hirsh et sl, 5). Elsven bands
¢f noise, each equivalent %o a pitch interval of 25C mals, fnd a
white noime (20-6600 cps) wers uscd as masking =timuii. Ths basic
datum reported was the threshold of intelligibility (50% articula-
tion score} for spondaic words as & function of the level of sack
of these banda, from the quiet up to 120 db psr band. The detalls
of procedure nﬁd of the stimuli used are given in the report of
Hirsh and Bowman (1).

3. General llesulta

When the aspeech lavel and the noise lsvei are plotisd on abso-
lute scales (in db relstive to 0.0002 miecrcbar), the resulting
masling function is linser between 50 and 120 db noise level, indi-
cating a signsl-to-noise ratio of about -15 db for the threshold
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off Znbteliigibility of spondees. This =esans that in the pressnce
of & broad-spectrum noise, the speech peaka corresponding to vowel
snergy may be as low as 15 db below the overall nolse lsvel and
8till yield a 50% score for spondaic words. This threshold 8/N
retic 1a abtout 7 db lower thar that reportved by Hawkins and
Stevens (3); the differsnce is probably due to ths &iffsrencs bs-
tween spondees and continucus discourse (see below).

An. equivelent amount of snergy squeezed inte any one of the
bands wsed is a less effective masking sound than white noise.
The most sifective bands lle in the frequsncy rangse 670-1500 sps.
The bands involving higher frequencies Jyield siightly less masking,
but the lowest bands (20-160 and 160-39l cps) are the least effec-
- tive. A typlcal threshold signal-to-nolse ratlo for the middle
freguency bands is sbout =25 db, while a similar valus for the
highest and lowest bands is as low ss -60 db. These raslations
hold generally whathcsr the nolse level is given as level per band,
‘Tevel per c¢ycle or seonsation levels : — -

The shapes of the functions that relate the masked threshold
to the level of masking noise are slso of inportance. The masked
threshold incrsases linearly with the level of white nolse or of
those middie-frequency bands that yield the moast magking. Bands
of notse invelving frequencies above 1400 eps, however, ail show
a slight positive acceleration which appears to remain to the
highest level tested (120 db). This fact 1s of extreme importance
50 long as we must extrapolate the sffects of masking to even -
higher (untested) levels. The two lowest bands aisc show positivs
accslaoration, but these functions appear to inflect and show nega-
tive acceleration by the time the nclse level has »eached 120 db.
It appears, therefore, that the extrapclated effects of noise bands

Hore secvers ior

- IO 1

Noise Threshold and the Critisal Band:

1. Bgokground

A critical band is definsd as a band of noise that just masks
a pure tone and whose width 1s such that the total energy in the
band 1s equal to that of the pure tone belng masked: This concept
has been most useful in predicting the masking of pure tones b
noise with known spectra. The original definition and the earlier
measurements of the eritical band width arcund different frsguencles
have .heen essentislly corroborates by Hawkins and Stevenz (3). 4An
alternative definition, derived l¢;ivally from & physiologlcal inter-
pretation of the critical band, would be that a critlcal band of
noige should have the same absclute thieshold as a pure tone in the
center of the band. This second Gerinition was tested in ouwr own
axperimonts. b ' '

L
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2. Bxpsrimental Frocedurs

In order to he eble %Zo give the level of the nolszs bands used
in the atudy summerized above in terms cof sensetion lavel, a pre-
liminary experiment waz designed is mcasure ihe abhsolute thrasholds
of' the 11 banda and the white noise. The detsails of procsdurs awe
given in the Hirsh and Bowman paper (i).

3. Genersal Results

The orliginal thresholds were msassured in terms of the total
sound pressure levsl in & given band. The widith of each band (in
db = 10 log bandwidth in ¢ps) was subtracted from these measures
to give thresholds in sound préssure level per cycle. To these
thrasholds were added the eriticel barnd widths corresponding to the
center frequencies, according to the measuremsnts of Hawkins and
Stevens (3). The final reésults, that is, the threshold for each
band in sound p: 9sswre level per coritical band, agreed precisely with
- the mirizum aundibles preasures for pure tonea reported in the ciassi-

cal paper of Sivian and White (6) fsee PFig. 2, Hirsh and Bowman, 1).
The sxeeption to this sgreement occurs in the tand 20-160 cps. In
fubture studies 1t is plenned Lo re-measure this critical bandwidth
for low frecuenciles. < 7 : : N '

ilaski erent Speech Meteﬁals:

-~ There are many Incovnsiste-cles among studies of the intelligl-
bility of apeedh like the one referred to asbove in conmection with
the signal-to-noise ratio thai dsscribes the threshold of intelli-
@itilify. Hawkins and Stevens (3) report about -8 db for continu-
ous discourse, Miiier (4} reports abcut +2 db for monosyllabic
words, &nd Eirsh and Bowmen {i) report a figures 28 low as -185 d4b .
for spondees. All thsse pertain tc very simllar white masking
noise. 8Since it is elmost impossible to decide whether all or
omly part of these differences in threshold are dus to the differ-
ences in speech material, or to different taikers and iistensersa,

a study of the masking of different kinds of speech materisals,all
sgobndhy the same telikers and vestved with ths same listenars;wes
pianned. i < ke i 1

2. Experimental Procedure

' 8paach materials were composed of four 200-item lists. each
conteining 50 nonsensa syllables, 50 monosyiiabic words, 75 di-
syllebies vordas (25 of the spondaic, 25 of the trochaic and 25 of
ths iambic 3tress pattarn) and 25 words with more tban two sylli-
ables. Four talkers, representing a varlety of General Amerlicam
speech, recorded different versions of these lists which were then -
presented to a orew of five listeners, in the quiest and in the = °
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presence of white nolss at various nciss ievels, In tkls study the
threshold of intelliglbility was not measured; instead, the speech
was presenied at four different levels in the presense of each
noise lovel and the threshold of intelligibility was calculated

by lnterpolation on the function that relstes articulation score
for each type of speech macerlial to S/N ratio, The details are
given in the paper by Hirsh. Rsvnolds and Josenh (2).

3. Genersl Resuits

Figures I through 8 in the complseted rsport of Hirsh, Reynolds
and Joseph (2] show the artisculation score for the different kinds
of syllables and words as a funstion of the speech level in the
quist and of the 8/N ratio at four diffarant nolse levelis, 50, 70,
90, and 11C db above 0.0002 micrebar. In general, thesa results
show that ths most difficult material (ncnsenss syllablga and mono-
syliabic words) reaches maximum intelligibility at a S/N ratio of
+5 db while the polysyllebic and disylliabic words are already quite
intelligible at S/N ratios of about «5 db. An additional figure
shows ths threahold of intelliglibilit; {504 articulation score) for
these spesch materizls as a functicn of noise level. The threshold
8/N ratlo varies from about =2 dh for nonsense syllables and mono-
8ylleblc words to -12 db for the most intelligible spondaic words.
These ratlos hold essentially constant for ali moise levels used
{50 %o 110 a@b).

Although these results &re reliuble, it should be emphasized
thet they hold only for these experimental conditions. A statias~
tical analysis by which one can reckon the influe.:ce of different
talkers end different listeners 1s reported in the paper (2). The
most important restriction is that the data hold only for white

noise. :

Effect of Fiitering on Differsnt Speech Materials:
1. Background '

The results reportsd in the preceding paragraph show that the
S 2t of nolss is different on ths intslliztbilisty of diffsrant
speech majzriais. We wished, therefore: to study the affects on
these same materials of another kind of system impairment. Early
studies at the Bell Telephone Laboratories (7) showed the effect

of high-pass and low-pass flitering on the intelligibility of non-
sense syllables. Very significant thsoretvical work, culmineting in
the concept of articuletion index of French snd Steinbsrg (0), has
been bused largely on those studies. French and Steinbenrg (8) pro=
possd a aschems whereby & guanilly, callsd articulaiion imisxz, could
bs caleulated from tho physical characteristios off a transmission
system. Then this quantity was related to measured syllable ariic-
ulation, the end result being the possibllity of predicting syllable
articulation from the physical characteristiecs alons.

_-—aaw ol e ol B
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The tw=o characteristics nesdsd for caiculation of the artieu~
lation index are the response-frequency characteristic ¢f the LHrens-
mission system and the spectrum level of the nolse. In brief, the
articulation index is contwribubed o equaily by sash of 20 fregusucy
bands, and one ecalculates the S/N ratio in easch of these bands to
find ths articulation index. Since we already had data on the mask-
ing of different spcech materials (1, 3, L), we now wished %o uss
the same materials under filtering tO nole W ther OF not the sams
roelations among the intalligibllities of these different speech
matariagls would remaln under various kinds ci aystem impairment.

2. Experimental Procedure

The same speech materials were vsed as in the preceding study.
No nclse was uvsed. Inctead; tha speach was passed through systems
in whizh ail of the frequencies sbove or below a certain cutoff
frsquency were eliminated., The asutoff frequencies wers in octave
wolation %o 200 cps up to 6!;,00 ceps. The frequenciss were chosen
in such a way that even the easlest material yielided very iow
gcores at the worst condliions and even the most difficult materisl
vielded faiyrly high scores at the best conditions., Again, the de-
talls of procedure may be found in the completed repert of Hirsh,
Reyrolds and Josedh (2).

3. General Resuits

In gensral, the ordsyr of intelligibility among the dirferent
speech maisriels 1s the same under filtering as under masking, with
cna exceptions the spondesa ars the most intelligible wniax mesgling,
with polysyllables and the other two Types of disyllables less in-
telligible, but under filtering, itha polysyllables are the moat
intelligihle while all the disyllables stay quite close togethsr
in intelligibility.

Using the nonsense-~syllable articulation for differsnt filter
settings and different S/¥ retios as = reference, we lav2 compared
the intelligibilities of the other materials. In genoral, a given
syllable score does not yield the same ward score under filtering
es 1t dgces under masking. The diffarences are smallaat for the
monosyllabic words and greatest for the saslier;, longer words. In
other words, even if the articulation index ware found t¢ predict
univocallsy =xllable articuiatica undsr a varisty of ecndlticas,
these syllnSTe scores would pot univocally predict tha ssorez for
other tvpes of speech material umder the same conditions.

As for ths validation of ths articulation index itsmel! in this
study, we find that syllable scorss ars predicted very well from
such caloculation when the S/K ratio is high, that is, when the
scoras =reé being affected mostly by restricting the frequeney band.
Whan S/E »atios are low and, therefore, primaril; responaibls Tor
daocreasing the intelligibility of the speech, the articulation in-
dex does not predict well. We believe this lack of prediciion to
be based on an as yet unspecified relation betwesn the index anmi

the 8/N ratie in any given band,
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SECTION TIIX

TN AL DT TUITER 73 ™ DL 10847
wha TR b HaBdil do sl 2 e e dedBBed N AL

The following studies ware initiated under ' this contract but
have not progressed snfficiently to Justify publication or the re-

L 5 SR N a7 e

porting of detailed results.

Masking of Clisiks by Holse:

1. Background

One of the interesting results reported by rsh and Bowman (1)
in conneotion with the shift of the threshold of intelligibility Gue
to increasing levels of masicing noiss was that the function relating
threghold ¥o nolss level wss sigmoid in shape when the rasking nolse
contalned orly frequencies below LGO ¢ps. Such curves bear & strik.
ing resemblance to certain curves in the classical study of Wegel
and Lane (9) on ths masldng of tones by tones, particularly those
that show the masking of a2 pure tone by enother pure tecne of lowsr
frequsncy. Both of these resemble ths somawhat stranger masking
functions that show the masking of hrisf ecoustic clisks or trens-
ients by moiss; es reported by Rigsh, Rosenblith and Ward (10),
Tarwicularly Wiis last paper showed masking tc increase with noise
lavel ovar the initial range of intensities, then to remain constant
or rise only slightly over ths next rangs of intenzities end Lfinelly,
to rise stesply with noise levsl over the highest range. It was
auggestecd that such 2 function might have something to do with the
relation between the specira or rrequenciecsz cof the masked and masking
sounds, Such curvilinsarity could be shanged tc linsarity, for ex-
ampie, when both the noilse and the clicks were paased through the
same filter. Similarly, in the Hirsk: and Bowmen study (1), ocurvil-
inearity reaultsd when the masked sound (speach) inzinded mora fre-
quencies than the masking sound (low-frequency bands of noiss).

b2 E:parinantal Procedure

In order to speeify more precisely tha relations of the spectra
of the masked and masking sounds tc¢ the shape of the masking func-
tion, ar extension of the study of Hirsh, Rosenblith and Ward (i0)
wes pleanned. Acoustic clioks were generated by pasaing the output
of & pulse generator to an earphons. The electrical signals wers
rectangular pulses of varlable durstion and a fixed repztition
rate of 2 pulaes per second. We cid not atteampt to maripulste the
spesirum Of ths clicks by filtering; but rather oniy by verying the
duration. The asssumption waa that the shorter the clfisl: the more
emphasls would be placed on high fregusncies. Thia 1s highly over-
2implilfisd, however, bscauss ths earpione itself modifies a rsctang-
ular pulse considerably. The spectrum of the noise was soatrolled
simply by verying the upper sutsff frequency of an electronic low-
pass filter.

e
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3. General Pasulis

Tne curves of Hirsh, Rusenblith and Ward (10) were peproduced
when bhrief clicks were masked bty nolse contalning only fragusunciss
up to 6000 or 7000 cps., A linear function was obtained, however,
when noise frequencies were allowed to extend to 20,000 cps. Tis
break betwesn curvilineerity and linearity appears as the specir
of the nouise begins to include frequencies above TO00 ops.

Further study ls regquired tc determine whethesr this frequency
region depends entirely on the duration of the c¢liick (and thus,
by inference, on its spectrum) or wshether it depends more on the
issponse-va~freaquenar characteristic of the earpihons. With such
dopendencies eithe> mede fast or eliminated, the role of ths ear
itself msy then be ascertained. It is anticipated that the harmonic
distortion introduced by the mlddls ear machanisrm will figure large
in determining the shape of ths masking function.

Recovery from Short-Term Auditory Fatigue:

1. Reackground

One of the cutstanding facts in Tis s
or permaneanbt audltory after-affacte from acou
hizh varisbility among individuals:, In sn a
order cut of the observed chaos, we wished to
in which precisely controlled stimulating cond
a few sets of observatlons that could be callsd

2. Experimental. Procedure

Proeiiminary investigations involved stimulation by noise or by
ands of noise for perlods of time ranging from a few seconds to

saveral minutes, while holding the stimuiating intensity st either
100 3 ep 120 db re 0.0002 nicrobar. An instrument was constructed
in our shop that permitted tthe study of a continuous threshold re-~
covery function for a single pure tone or band of noise. Basically,
this instrument is an adaptatlion of principles laid dcwn in the des-
cription of a new sudiometer by Békesy (11l) and modified specifi-
cally for this purpose by Hirsh and Ward {12). _

3. General Resulits
No gerieral observa
dual variebiliity and th ty 4
€0 time remalns large and of snough signiiicance 1o obacure general
relations. : :

tions can be reported at this time. Indivi-
®

variability in the =zems indlvidusl from time

Certain apeocific¢ probiems, hawever, khave . been suggéstad by the
data eollactaed sc far. For exampls, it is not certain that the
smcunt of fatigue at a given time after exposure 1s monotonicaily

WADG TR 54-203 3



ralated to the 2uraitlon or the intensity of sxposuva. It appsars
possible that there are certain eritical durations and/or intensi-
ties above which tha fatigie may be leas.

fnis study 1s to be continued and it is planned to ehangs the

- TRy md - P 2 -
experimental procedurz continually until 56~ kind of variapce is

revealed. In the ssisntific faith that order may be brought to
empirical observ@aions, we assume that theae inconclusive pesuits
are not simply te result of » phenomenon that canno% be studied:
rether we belleve that we have not yet discoverea the ’upropriate
metbhad of study.

Masiking Spectrum for Bands of Noisc:

This study was discontinuern 2".moest as socu sz 11 was stapted
becauss of our interest in snd subsequent ps:1ezvprslen «31-% the
masking effects of these bands of noise on swuseh. It is plannad
to use our Békesy audiometer in obtainlng rrecise masking spectra
for different bands of nolss, and to give special attention to
the shift in the masking spectrjm as a functlon of the level of
the noiss band.

At the beginning of the present contract pericd, some effort
was expended in determining ths possibility of utilizing speech
power radisted from the ear can¢¢. This was a follow=up of certain
ckbazervations made under a previou= contract by Hirsh and Benscn (13)
Dr. Benson msasursd nct only the power but also the speciral distri-
bution of this power and found, on one chserver, that much of the
high-frequency energy was absent. He has concluded, thersfors, that
in splte of certain advantages, such as the remoteness of ths ear
canal from oxygen velves, this source of speech power 1s not superior
tc speech picked up 1in frcocat of the lips. It may be possible that
under - extremely adverse conditions such as high neise or high alti-
tude, the sar-cansal source may prove more satisfactory than the
usual source, but this should be determined in a lakoratory: wher
high-altitude chambers nnﬁ/er resl noise sources are avallable

SECTION IV

SIONS AND SUMMARY

Gbmpleted Work: N
Although variabllity among dirfereht talker s'may Lﬁfrsﬂuce

orrors, it has been determined thet the thresheld of inteilligibility
(the ievel at which 504 of the words in a 1ist are recognized) bears
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& linesr relation 3¢ the level of & broau-spectrum noiss. The
signal-to~noise ratio may be as low as ~15 db for very aasy worda
= g highly _sontaxtualized, limited vocabulary and doss not appear
tc sxosed -Z db even for difficult materisl 1lke nonscnss syllables.

When bands of = ise Izwoiving A1fferent frecuency ragions are
smpicyed to mask easy words {spe aees), 1t o peers that frequencies
at or near 1000 cps ;%=U-1900 cps) are the most offsctivs.

When the LHEOLL;5lull&uy of differsant kinds of speech is
studied in reletion te tha cutoff frequeney of high-pass and low-
pags fllters, it appears that ;requencies oa*ween 1000 and 2000 cps
are criticali. Thc~e observaticas crudely corroborata those in the
previcuz pavegrapi. There is uo evidence from tnese studies that
easler words are mcre dependent on lower frequencies than difficult
words. Easler words sre easier snd therefore require only a limited
frequanecy band of transmisaicu &8 comparad to that required fcor more
di’*’ricul+ words. The nost im@ortant rreqnancies ars tha sar® in

bhoth rasas

i e R T — e _— = = i

It appears that the szsciction of wopd 1:«-51‘1@*& 11ty from
Ls physical eharacterlstica of & trensmission systex io emly aAppro=

VNew »HN - A o~ e & raln Prer g e |
—ximete, and then holds only £or systems with :alativ%%y—h¢5u signai-

to-roise ratios. ’‘rhe predistion of inwelligibility from the char-
autar;stics of very noisy systems will be possible only after fur-
The r ‘EOI'.K B ) E

¢ha soncept of the ﬁ?itiual hend 1n ang¢,u" mezking. having.
slready bean validated in terms cf masking, slso seoms to hold
when defined in terms of the absolute thresnold for the bnné. The
exception at icw frequencies warrants further study. m

Witk the development of more po ewerful militeny sireraft, 1t is
apparent that the noiss lsvels %c whish pillst, gro*nd crew personnel;
and alr-traffic controi persmnel will be exposed will incrsase. %o
wmay reach a point where the designers of commnications squipment
cam kc longer meet present Alr Force aspecifications under sactaal
operation in noise. The resuits of our exparlménts on maskiog sug-
ge=t that, unless military aircraft specifications require 1isteners
to recogniza 1soleted items as difificult as nonsense syllsblies or

monosyllsblic words, thase spscifications might be re-examined with

the ‘Dossibln 2iaw ko mn’ﬂr‘nc thas lz2za .#n-in__gazgt’ -neqnir!-s“g’ for ax-—

ample, a certaln amcunt of intelligibllity for two-syllable words
rathor than thc present 85%4 intelligibility for mnﬁosyllabic words.

The results of the experiments on the effect of filtering an
the intelligibility of speech indicate that the potential intelli-
glbility to be reslized from a given commnications svstem cannot
be predicted preciassly from its physical characteristics. It is

e S
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cormsnded, thersfore, that the aceeptames or rcjection of milii-
tary communications equipment continus to depernd in part on formal
apticulation tests.

In the event that higher nolise levels or a ecrowded readic-
frequency aspecitrum neceasitate limiting the bandwidth in a givan
communicatiioins system, our results support the ccnciusien thst fre-
quencies below approximsteiy 500 cps or above approximately LOOO cps

mey be eliminated without any appreciable Jdetrimental effect o in~ -
telliglihility., This eoncl u-l en zhiouid bs medifisd by a statsment

o ok e WFNd J -3

that the &etectﬁbility, as diltinguishod from the inﬁalligi“ilitv.
of speech will be anhanced by frequencies below 500 erp= since the -
bulk of the acoustic power in speech lies in this low-frequesacy
range. On the other hand, if a certaln fixed acoustic power is
available it would be better to expend the energy hetween 500 and
OO0 ecps then to redistrilute it so as to include & wider frequsncy
renge.

Future Work:

_ Prom the results summavrized ahova., ocertain problams przaent

AL Lane SIS A ra N -

themsslves immaaiatalv. First. the eritical bandwiqthAmggh ba
measured at low frequencies ﬁith & view to correcting extant data.

=

B E 3 TS oemI =T
Seacnd. ip generalizing shout the prediction of intsiiigiviiisy

from physical anaractaﬂ*atlcng ths equivalsnce of masking & band
of speech frequencies to eliminsting that band throuvgk filtering
must be ascertained. Third, and following directliy from the second,

we e e B cama = mmmae av o dode

must measure the patiern of masking or the masking spectrum set

-y o ] ] &0 n wctrnn, LA N Y evds dolnen o ot A B DUrs
.., by given bands ¢f noise In torzs ¢f sbaslubs threshoid for purs

uonos“ in this case a threshold measured as & continunous function
cf freguensy. The three probliemz ars among those proposed for
study under & new Alr Farce contract.

WADC TR 5L-203 11
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